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ABSTRACT
£' rtleyi» Entomophthora sp., and P. includens NPV showed some 
promise as biocontrol agents of P. includens on soybeans. _S. rileyi 
grew well and maintained its pathogenicity on the BENDY agar medium 
developed during this study. A species of Entomophthora from P. 
includens was isolated and successfully cultured on catfish and BENDY 
agar and broth. The fungus resembles both E. americana and E. muscivora 
and may be a new species. One of 490 soybean looper larvae inoculated 
with conidia from a culture of Entomophthora sp. became infected in 
laboratory tests.
Field comparisons of P. includens larvae infected with £3. rileyi 
and Entomophthora sp. during 1971 revealed that either fungus can be 
the predominant pathogen.
The emulsiftable concentrate of the Thuricide HPC preparation of 
B. thuringiensis var. alesti gave much better control of soybean looper 
larvae in the laboratory than the wettable powder preparation of the 
same variety (Thuricide HP) and the wettable powder preparation of 
B. thuringiensis var. thuringiensis (Biotrol XK W-25).
Combination of NPV and methomyl and NPV and monocrotophos 
significantly increased mortality of soybean looper larvae over virus 
or insecticide used alone, but did not show any synergistic activity.
NPV was compatible with adjuvants and with herbicides and maintained 
viricidal activity after being mixed with soil and stored underground 
for a 6 month period.
viii
Autopsies of larvae that were sprayed with NPV applied at the 
rate of 40 larval equivalents per acre in a field test at Arnaudville, 
Louisiana indicated that 76.0 percent of the larvae were killed by the 
virus. At three other locations the kill by NPV ranged from 36.0 to 
52.0 percent.
ix
INTRODUCTION
Soybeans, Glycine max (L.) Merr., have greatly increased in 
importance as a cash crop in Louisiana during recent years. In 1970,
38 million bushels of soybeans were harvested from 1,688,000 acres in 
Louisiana. This represented an estimated income of over $108,200,000 to 
the farmers of Louisiana and made soybeans the most important cash crop 
in the state (74).
This increase in acreage planted to soybeans has produced a 
concurrent increase in the soybean looper (Pseudoplusia includens 
Walker) in some areas. In August or September, the looper larvae in 
some areas cause damage to the planted soybeans by extensive defoliation 
and growers must apply pesticides for control, thereby, adversely affect­
ing non-target organisms and further polluting the environment with 
toxic materials (10).
This study was undertaken to attempt to find possible biocontrol 
agents suited for control of the soybean looper. The agents investigated 
in this study were Spicaria rileyi (Farlow) Charles, Entomophthora sp., 
two varieties of Bacillus thuringiensis Berliner (Bacillus thuringiensis 
var. thuringiensis and Bacillus thuringiensis var. alesti Toumanoff and 
Vago), and a nuclear-polyhedrosis virus (NPV) of P. includens.
The symptoms of S[. rileyi on P. includens are similar to the 
following described by Getzin (23) on Trichoplusia ni Hubner. A 
yellowish to brown color is evident after cuticular penetration by the
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hyphae from germinated spores. The developing hyphae ramify the entire 
body, the larva becomes sluggish, and eventually dies. The larva 
becomes stiff and mummiefied. With proper moisture conditions abundant 
green conidia are formed externally.
When Entomophthora sp. infects larvae, the conidia adhere to the 
insect host and enter its body by means of hyphal germination. Inside 
the host the hyphae multiply by the formation of hyphal bodies which 
consist of short, thick fragments of varied size and shape, that are 
continually reproduced by budding or division until the insect is more 
or less completely filled with them. The germination of hyphal bodies 
results either in the production of sexual or asexual resting spores 
(zygo- or azygospores); or of conidiophores which burst through the 
hosts integument and bear conidia which are forcibly discharged from 
the conidiophore tips (73).
3. thuringiensis produces an endotoxin (B. t^. $ endotoxin) which 
is the toxic agent. Lepidopterous larvae suffer gut paralysis shortly 
after feeding on the B_. t_. $ endotoxin, but there is no gut leakage, 
and consequently, no change in blood pH or general paralysis, the 
insects starve for want of food and quickly succumb to the bacteria 
invading their bodies (33).
P. includens larvae infected with NPV show an opaque white color 
of the integument. Small dark areas first appear on the integument 
followed by a dark shiny discoloration of the whole larva. Larvae 
become moribund and usually die within 6-9 days after exposure to virus. 
Similar symptoms were reported by Hall (29).for NPV infected T. ni 
larvae.
NPV affecting Lepidoptera infect some of the tissues in the 
hemocoel, including the fat body, hypodermis, cells of the trachael 
matrix, and the blood cells. These viruses are classified in the genus 
Birdavirus (34). Vail and Hall (75) also found in T. ni that muscle, 
Malphighian tubule, and nerve tissues can also be infected by NPV.
REVIEW OF LITERATURE
Pseudoplusia includens (Walker)
The soybean looper, P. includens, is an important pest of soybeans 
in Louisiana and the southeastern states (10). The insect has also 
been reported to attack peanuts, sweet potatoes, cotton, tomatoes, 
crucifers, peas and tobacco (12, 36, 55).
Burleigh (10) gave an excellent review of P. includens. Mitchell 
(55) and Canerday and Arant (36) have made life history studies of P. 
includens in the laboratory. They found that P. Includens completed 
its life cycle from egg to adult in 29.6 and 26.6 days at 26.8° in the 
respective studies. Burleigh (10) studied the effects of fungus 
pathogens and insect parasites on field populations of P. includens in 
three ecosystems of Louisiana. He found that JS. rileyi and Massospora 
sp. infected looper larvae. S. rileyi was found at all ecosystems, 
studied, while Massospora sp. was associated with the corn, cotton, 
sugarcane, and soybean ecosystem. He stated that £. rileyi and 
Massospora sp. played an important role in maintaining looper popula­
tions below the economic threshold in ecosystems which received high 
amounts of insecticides.
Spicaria rileyi (Farlow) Charles
£>. rileyi has recently been reviewed by Burleigh (10). The 
genus contains species which attack many lepidopterous larvae (58, 72).
4
5Watson (77) stated that the disease "cholera" caused by j>. rileyi 
reached epidemic proportions in field populations of velvet bean 
caterpillars, Anticarsia gemmatalis Hubner. during September and 
October in Florida. Getzin (23) observed S.. rileyi infecting cabbage 
looper, Trichoplusia ni Hubner, populations in the lower Rio Grande 
Valley of Texas. He observed that infection by Spicaria was severely 
affected by temperature and humidity. The optimum temperature for 
infection was from 15-25°. Little infection occurred below 90 percent 
relative humidity. Burleigh (10) found that j3. rileyi appeared in P. 
includens populations during mid-July in Louisiana soybean fields. He 
also found that velvet bean caterpillar populations associated with 
P. includens were the primary hosts of j3. rileyi. Aerial applications 
of _S. rileyi spores collected from velvet bean caterpillar larvae by 
Burleigh (10) did not increase infection of soybean looper larvae by 
_S. rileyi over natural levels.
S. rileyi has traditionally been cultured on egg-yolk agar (23, 
27). Getzin (23) indicated that conidia were produced in 7-10 days 
when cultures were held at room temperatures. Gudauskas and Canerday 
(27) obtained 50 and 100 percent mortality, respectively, of P. 
includens larvae that were dusted and sprayed with spores from field 
collected cadavers. Burleigh (10) obtained 44 and 56 percent infection, 
repectively, of second- and third-instar P. includens larvae dusted 
with S. rileyi spores from A. gemmatalis larvae.
Entomophthora sp.
6
The family Entomophthoraceae contains five genera of which only 
two, Entomophthora and Massospora. are pathogenic to insects (51). The 
two genera are divided by the manner in which the conidia are borne.
In Entomophthora the conidia are borne externally to the body of the 
host while those of Massospora are borne inside (51). Thaxter's 
publication (73) on the Entomophthoraceae in the United States is the 
definitive work on the group. Hutchison (38) has provided distribution 
maps, a host list, and keys to 39 species of Entomophthora found in the 
United States. Several recent reviews have also included Entomophthora 
(8, 21, 51, 52). Burleigh (10) has presented a review of the genus 
Massospora.
Several species of Massospora have been shown to attack members 
of Diptera, Coleoptera, and Homoptera by Soper (66), however, he 
concluded that Massospora cicadina Peck and Massospora levispora Soper 
are the only well-founded species in the genus. Speare (68) and 
Goldstein (26) have studied the infection of 17-year cicadas, Magicicada 
septendecim (L.) by M. cicadina. Burleigh (10) considered field 
collected P. includens larvae containing resting spores to be infected 
by a species of Massospora. He found that Massospora sp. infections 
usually began during late August and early September, and significantly 
reduced field populations of P. includens larvae on soybeans in some 
areas.
Entomophthora sphaerosperma Fresenius was isolated from larvae 
of a looper conplex including Rachi plusia ou (Guenee), Autographa 
precationis (Guenee), and T. ni from Indiana (80). A total of 61
percent of the larvae collected by the authors were infected with E. 
sphaerosperma. Burleigh (10) found P. includens larvae exhibiting 
symptoms of Entomophthora infection in Louisiana. The rear parts of 
the larvae were stuck to the underside of soybean leaves at the tops of 
plants. The bodies of the larvae were described as collapsed and covered 
with a whitish mycelium. These stymptoms were identical to those 
reported by Yendol and Paschke (80) for a looper complex and by Sawyer 
(62) for the yellow-headed fireworm, Acleris minuta (Robinson), infected 
with E. sphaerosperma.
Attempts to cultivate members of the genus Entomophthora have 
been numerous but in most cases without success. Speare (67) was 
able to culture Entomophthora Pseudococci Speare on several media.
Sawyer (61) cultured E. sphaerosperma and E. Pseudococci on swordfish 
and a variety of other media. In recent years, several species have 
been successfully cultured (50, 59, 78).
The conidial stage of species of Entomophthora is usually the 
one observed in culture. However, some authors have reported observing 
the resting spore stage in culture (30, 61). The resting spores are 
considered to be either azygospores (produced asexually) or zygospores 
(produced sexually). However, a great deal of confusion exists as to 
how and when the spores are actually formed, ftiaxter (73) reported 
that they are formed toward the end of the growing season, but Dustan 
(19) concluded that- the time of year is not critical, since resting 
spores were formed as readily in June as in October. It is generally 
understood that the resting spores furnish the fungus with a means of 
withstanding adverse conditions for periods ocf time or of hibernating 
for one or more seasons (30, 50).
there have been several reports of the germination of resting 
spores of species of Entomophthora. Gilliatt (25) reported the 
germination of E. sphaerosperma in Van Teighem cells 16 days after 
their suspension in water. Hall and Halfhill (30) found that presoaking 
resting spores of Entomophthora virulenta Hall and Dunn in water 
resulted in a five-fold increase in the number of germinating spores. 
Krejzova (47) was able to germinate spores of species of Entomophthora 
after scarification, acid, heat and ultrasound treatments. However, 
Sawyer (62) failed to induce germination of resting spores of E. 
sphaerosperma even though he tried freezing, drying, heating, treatment 
with acid, and suspension in water. No infection of larvae from resting 
spores of species of Entomophthora has been reported.
Bacillus thruingiensis Berliner
Several reviews of the crystal forming bacteria have been made 
(32, 33, 35). Subjects pertinent to their use in microbial control 
(2, 60) have also been reviewed. Heimpel (33) has presented a key to 
the "Bacillus cereus group" which separates the varieties of B. 
thuringiensis and the other crystal forming bacteria. Over 100 species 
of sporeforming bacteria have been named (70, 71), but B. thuringiensis 
has received most attention as a potential biocontrol agent of insects.
B. thuringiensis has been shown to be pathogenic to a wide 
variety of lepidopterous larvae. Krieg (48) recorded nearly 100 
susceptible species. Insects in the orders Coleoptera, Diptera, 
Hymenoptera, and Orthoptera are also susceptible to B. thuringiensis (33).
B. thuringiensis var. thuringiensis and B. thuringiensis van alesti 
along with the other varieties of B. thuringiensis produce both the
B. t.£ endotoxin and the B. _t. Q exotoxin (33). However, the B. jt. Q 
exotoxin is removed during the preparation of commercial mixtures of
B. thuringiensis. Lepidoptera are apparently affected by the B. _t. £ 
endotoxin (33). He impel (33) has described the effects of B . t:. $ 
endotoxin on lipidopterous larvae. Ignoffo et al. (44) found that 1 
day old larvae of T. ni were 4.9-14.0 times more sensitive to 
commercial preparations of B. thuringiensis than 4 day old larvae. 
Chalfant (13) reported that a commercial preparation of B. thuringiensis 
was 6.5 times more toxic to P. includens larvae than to T. ni larvae in 
leaf dip feeding studies.
Nuclear-polyhedrosis virus
Nuclear-polyhedrosis viruses (NPVs) have been reported to affect 
nearly 200 species of Lepidoptera, Hymenoptera, and Diptera (27, 53).
The disease mainly occurs in lepidoptera (3). General aspects of the 
NPV infections have been presented by several authors (3, 7, 65, 71).
Bioassays with many NPVs have been conducted. Paschke et_ al.
(57) reported LD50 values of approximately 2000 to 7000 polyhedra per 
T. ni_ larva in feeding tests with NPV. Ignoffo (41) reported LD50 
values of 2.7 PIBs per first-instar Heliothis zea Boddie larva in diet 
surface contamination tests. Ignoffo and Montoya (43) reported that 
methyl parathion reduced the effectiveness of Heliothis spp. NPV by 30 
percent when compared with water-virus controls in compatibility tests. 
Various adjuvants were compatible with the NPV. Getzin (24) and 
Wolfenbarger (79) reported ethyl parathion to be compatible with T. ni 
NPV in field tests.
Field tests have been conducted with many NPVs. Several workers 
have shown T. ni NPV, when applied as a foliar spray, to effectively 
reduce populations of the cabbage looper (18, 22, 29, 31, 54, 63). 
Wolfenbarger (79) reported that endrin and oil-NPV mixtures effectively 
controlled T. ni larvae in cabbage plots.
MATERIALS AND METHODS
Field Collection and Processing of Larvae
Larvae from field inoculation tests and healthy larvae (Fig. 1) 
for laboratory study were collected from soybean plants with a 28.1 cm 
diameter cloth insect-net. These larvae were then processed by a 
method similar to the one described by Burleigh (10).
When the larvae were collected in the field, they were placed in 
15.2 x 7.6 x 15.2 cm plastic bags with soybean leaves and immediately 
refrigerated in an ice chest for transport to the laboratory. Here 
they were transferred to 28.4g jelly cups (Premium Plastics, Inc.) 
which contained sufficient medium (11) to rear them to pupation. One 
larva was placed in each cup and held at room temperatures (x25°).
Larvae were identified according to the characters described by 
Crumb (16) and Eichlin and Cunningham (20). Adults were identified 
using characters described by Habeck (28).
Larvae in cups were observed at 1- or 2-day intervals until 
pupation or until symptoms of disease or parasitism were noted. The 
presence of insect parasites was recorded according to the method 
developed by Burleigh (10) and by comparing the infected larvae with 
specimens that he had previously collected and identified from 
P. includens.
Larvae were recorded as having died of jS. rileyi (Fig. 2) when 
they exhibited the symptoms observed by Getzin (23) and Behnke and 
Paschke (6). Larvae were recorded as being killed by Entomophthora sp. 
when signs of the fungus were apparent; that is, when resting spores
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and/or conidia and conldiophores were produced In or on the larvae 
(Fig. 2). The fungus structures were used to indicate Entomophthora sp. 
as described by Thaxter (73) and Sawyer (61, 62).
When dead larvae did not exhibit symptoms or signs of insect 
parasites or the pathogens described above in field inoculation tests 
with virus, they were individually autopsied. A small amount of fluid 
was withdrawn from the hemocoel area of each larva with a pipet and 
observed microscopically.
Larvae containing hyphal bodies were considered killed by 
Entomophthora sp. Those containing large numbers of polyhedral 
inclusion bodies were recorded as having died of virus (Fig. 3). Larvae 
which died of unknown causes were placed in a miscellaneous mortality 
category. These larvae could have died from a number of causes 
including the following: physical damage from handling, viruses,
bacteria and other microbial pathogens, parasites which did not emerge 
or had done so before the collection, or possible other unknown causes.
Culture Tests with rileyi
A culture of SI. rileyi was isolated from field collected 
velvetbean caterpillar , Anticarsia gemmatalis Hubner, larvae. Cultures 
were increased on egg-yolk agar (23) held in the laboratory at room 
temperatures.
S. rileyi was later cultured on a specially devised beef extract 
agar (BENDY agar) that contained the following ingredients which were 
added to water to make 1000 ml of medium: beef extract lOg, dextrose
lOg, neopeptone 5g, and malt extract 3g.
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All transfers were made with sterile cotton swabs (American 
Hospital Supply, Inc.) and the cultures were stored at room temperatures.
Culture of the Conidial Stage of Entomophthora sp. from P. includens
The conidial stage of Entomophthora sp. of P. includens larvae 
was collected during September of 1969 and 1970. Various methods and 
media were devised to culture the fungus.
Larvae that were producing the conidial stage of Entomophthora 
sp. (Fig. 2) were'found in a field near Bayou Rapides, 6 miles west of 
Alexandria, Louisiana, during September of 1971. Several living 
infected larvae were brought to the laboratory, placed in cups on diet, 
and observed for sporulation of the fungus. After 24 hours, conidia 
(Fig. 4) were being expelled from several of the larvae. Microscopic 
examination of the internal parts of the larvae revealed a highly 
vacuolate mycelium (Fig. 5) and large numbers of hyphal bodies (Fig. 6).
A method similar to the one described by Sawyer (61) was used to
culture the fungus. Pieces of catfish, Ictalurus punctatus (Raf.),
were pressed to the top of a petri dish. The bottom was added, the
dish inverted, and autoclaved for 25 minutes at 6.8 kg pressure. A
dead larva on which the fungus was profusely sporulating was placed on
a sterile microscope slide and elevated from the bottom of the petri
dish. A small amount of water was added to the bottom of the petri dish
to maintain a high humidity in the chamber. The top of the dish was
then added with the fish placed directly over the dead larva and held
at room temperatures. After a period of 4 hours the top of the dish
with the fish was transferred to a sterile bottom and the process
*
repeated with other pieces of fish.
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The fungus was also allowed to sporulate onto BENDY agar as 
described for the fish medium. Some spores which had collected on the 
slides were transferred to BENDY broth in test tubes. Samples of all 
cultures were incubated at 22, 26, and 32°.
Inoculation of Larvae with Entomophthora sp. Conidia
Second- and third-instar larvae were allowed to crawl for 2 
hours over actively sporulating cultures of Entomophthora sp. growing 
on fish. The larvae (10 each) were then placed into 250 ml Erlenmeyer 
flasks with diet, corked, and stored at temperatures of 22, 26, and 32°, 
respectively. Three test flasks and one control flask with untreated 
larvae were stored at each temperature. Larvae were observed daily for 
Entomophthora sp. infection. Larvae which died were autopsied to 
determine the possible cause of death.
An additional 370 first- to third-instar larvae were inoculated 
with conidia in flasks in the laboratory at room temperatures. None 
became infected.
Techniques for Testing Germination of Entomophthora sp. Resting Spores
Resting spores (Fig. 7) were taken from larvae which had been 
dead up to 24 hours. Some of the spores were stored at -29° while 
others were stored at room temperatures for periods of 2, 4, and 6 
months.
Spores from currently infected larvae and spores which had been 
stored at temperatures stated above were transferred to a variety of 
agar and liquid media which included the following: PDA, Saboraud's
Dextrose and Maltose, Brain Heart Infusion, BENDY, Czapek's, yeast 
extract, proteose-peptone, malt extract, beef extract, oatmeal, and
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egg yolk. Culture media such as SDAY, MPTG, and MPT used by Prasertphon 
and Tanada (59) to cultivate species of Entomophthora were also used.
Soil extracts (15) were incorporated with ground loopers and 
catfish and used as culture media for the resting spores. Blood from 
larvae was passed through a bacteria proof filter (Millipore, Inc.) and 
used as a culture medium. The pH values of the media were also adjusted 
with either sodium hydroxide or lactic acid to values of approximately 
6.1, 6.4, 6.8, 7.2 and 7.6. P-Hydrion Papers (Micro Essential 
Laboratory) were used to measure the pH of each medium.
All culture media with spores were incubated at temperatures of 
20, 24, and 28°. Tests were observed once or twice a week for one 
month or until all plates were contaminated with other organisms.
Special Treatment of Resting Spores to Induce Germination
Resting spores were subjected to a variety of pre-inoculation 
treatments. The methods of ultrasonic disintegration, homogenization, 
acid, and heat treatments described by Krejzova (47) for use on 
Entomophthora resting spores were used before the treated spores were 
seeded on the media.
Resting spores were also transferred to media and placed inside 
a temperature cabinet with 14 day photoperiod regimes of day-night as 
follows: 16:8, 14:10, and 12:12. The day temperature was held at 35°
and the night temperature at 24° to simulate Louisiana summer conditions. 
Relative humidity was kept near the saturation point by placing a large 
tray of water in the cabinet. Cultures were observed twice a week for 
two weeks.
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Inoculation of Larvae with Resting Spores
A. Laboratory tests
Dead larvae containing resting spores were collected from the 
field. Fifty dead larvae were macerated with a glass rod in 100 ml of 
sterile distilled water and 0.005 percent Triton X-100 and strained 
through three layers of number 80 cheese cloth.
The resting spores thus obtained were divided into five groups 
(A, B, C, D, and E) of approximately 15 ml each. Group A was treated 
with ultrasound at 15 kc per second for 30 minutes with a Biosonic ©  
(Bronwill Scientific Co.) ultrasonic disintegrator. Group B was mixed 
with 1.0 ml of HCL (concentration 36 percent) and agitated for 5 minutes 
with a magnetic stirrer. Group C was twice heated to the boiling point 
and then left to cool at room temperatures. The volume was then 
readjusted to 15 ml. Group D received a combination of the treatments 
given to groups A, B, and C. Group E was not treated.
Each test mixture was hand sprayed onto 30 second- to third- 
instar larvae maintained on soybean leaves in 28.4g jelly cups. The 
leaves had been surface sterilized for 10 minutes with a 10 percent 
Clorox solution and washed in sterile deionized water. Thirty untreated 
larvae served as control.
The larvae were allowed to remain on the leaves for 2 days at 
which time they were removed to clean cups with fresh leaves. The 
larvae were observed daily for fungal infection. Larvae that died were 
autopsied to determine the possible cause of death.
The test was later repeated with some modifications. The resting 
spores were stored at -29° for 60 days before treatment. Also, the 
larvae for the test were maintained on a semi-synthetic diet (11).
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B. Greenhouse Inoculation tests with resting spores
Six 30.5 x 40.6 cm flats containing approximately 200 Dare 
soybean plants each were grown In the greenhouse. Two flats of plants 
were sprayed with a concentrated suspension of resting spores taken 
from field collected larvae and refrigerated at -29° for 90 days in 
airtight containers. Two other flats of plants were sprayed with a 
concentrated suspension consisting of one-half resting spores and one- 
half soil which had been kept at room temperatures for 90 days. Plants 
in two flats were sprayed with water only. Eggs and first-instar 
larvae were placed on the plants in each flat. After 3 days each flat 
contained an estimated 200 larvae.
The test plants were again sprayed with spores 15 days after the 
first inoculation. The larvae were observed daily for fungus infection. 
Larvae which died were autopsied in an attempt to determine the cause 
of death.
Attempts to determine the effect of resting spores on the life 
cycle of P. includens were made in screened cages in the greenhouse. 
Sixty P. includens pupae were placed on a flat of Dare soybean plants 
and set inside a 76.2 x 76.2 x 91.2 cm cage. A 10 percent honey water 
solution was placed inside the cage as a food source for the adults 
when they emerged from the pupae. The solution was changed every 
three days to prevent contamination.
The soybeans in the flat were sprayed with a mixture of the 
resting spores used in the previous test. Fresh flats of soybeans were 
added to the cage to insure a good supply of leaves as food for the 
larvae. Each new flat of plants was sprayed with a spore suspension
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before being placed in the cage. Larvae were observed daily for fungal 
infection. Those which died were autopsied to check for possible fungal 
infection.
C. Field cage test
Three pairs of 91.4 x 91.4 x 91.4 cm screened cages with 30 mesh 
screening were placed over Lee soybean plants during August, 1970, in 
a field near Bunkie, Louisiana. The plants in one of each pair of 
cages was sprayed with a concentrated suspension of resting spores 
which had been kept at room temperatures for 10 months. The plants in 
the control cages were sprayed with water. After the spray had dried,
75 first-instar larvae were placed on the plants in each cage.
One week later, the test cages were sprayed with resting spores 
which had been frozen at -29° for 10 months. The larvae in the cages 
were observed for fungal infection twice a week for four weeks.
Field Comparison of Fungus Pathogens
Since 55. rileyi and the conidial and resting spore stages of 
Entomopthora sp. were present in larvae in the field simultaneously 
(Fig. 2), it was desirable to determine the numbers of larvae killed 
by each fungus. Two soybean fields containing larvae parasitized by 
S_. rileyi and Entomophthora sp. were selected for study during 
September of 1971. One field was located 2 miles south of Meeker, 
Louisiana, and the other on Bayou Rapides 6 miles west of Alexandria, 
Louisiana.
At each location dead larvae found on soybean plants and the 
soil surfaces were observed. Five samples of 100 larvae each were
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taken in each field. Cause of death was recorded as due to either j>. 
rileyi, or Entomophthora sp. by the presence of conidia or resting 
spores.
Entomophthora sp. from Salt Marsh Caterpillars as a Source of Inoculum 
A species which appeared to be Entomopthora (Figs. 8 and 9) was 
found parasitizing large numbers of salt marsh caterpillars, Estigmene 
acrea (Drury), feeding on sweet potato leaves near Bunkie, Louisiana, 
on October 9, 1970. Several larvae were collected and taken to the 
laboratory. Dead larvae on which the fungus was sporulating profusely 
were placed in petri dishes. The methods used in attempts to culture 
the fungus were the same as those described previously for the 
Entomophthora sp. found JP. includens larvae.
Laboratory Strain Test with Bacillus thuringiensis
Three commercial preparations of B. thuringiensis were used to 
test their effectiveness against P. includens larvae. The preparations 
used were Biotrol ®  (B. thuringiensis var. thuringiensis) XK W-25 
wettable powder (2.5 percent active ingredient of 25 billion spores per 
gram) and Thuricide ®  (B. thuringiensis var. alesti) high potency 
preparations of Thuricide ®  HP wettable powder (3.2 percent active 
ingredient of 6 billion spores per gram). The first preparation was 
obtained from Thompson-Hayward Chemical Company and the other from 
International Minerals and Chemicals Company.
Weighed amounts of each preparation were incorporated into diet 
(11) without formalin. Diet was prepared for pouring and added in 500 g 
lots to a Waring blender. After the diet had cooled to 35^2° the 
bacterial preparation was added and mixed for 3 minutes. Diet mixed
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with Biotrol XK W-25 received rates of 10, 20, 30, 40, 50, 60 and 70 
mg bacterial preparation per 500 g, while diet mixed with Thuricide HP 
and HPC received rates of 5, 10, 20, 30, 40 and 50 mg bacterial 
preparation per 500 g. Diet for control larvae was untreated.
The diets were then poured into 28.4 g jelly cups and allowed 
to cool for 1 to 2 hours. Five day-old P. includens larvae were placed 
individually in the cups of all treatments with 30 replications each. 
Thirty control larvae were similarly tested.
The larvae were stored in the laboratory at room temperatures 
and observed daily for mortality for 3 days. The test was repeated 
three times. The 72 hour data were used to construct eye-fitted dosage- 
mortality curves for each preparation on the basis of spore counts 
extrapolated from the prepared material.
Laboratory Tests with Nuclear-Polyhedrosis Virus (NPV)
A. Preparation of virus inoculum for laboratory tests
The primary inoculum of polyhedral inclusion bodies (PIBs;
Fig. 10) of P. includens NPV was obtained from Dr. W. C. Yearian, 
Department of Entomology, University of Arkansas, Fayetteville. Larvae 
were individually reared in 28.4 g jelly cups as previously described. 
One-fifth the usual amount of fomalin was used due to its viricidal 
activity on NPV's (41). This level of formalin in diet was used in all 
subsequent virus tests to reduce bacterial contamination. Quantities 
of PIBs were hand-sprayed over the diet surfaces in the cups. Third- 
to fourth-instar larvae were individually placed into the cups which 
were incubated at room temperatures.
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When virus symptoms appeared, larvae were removed from the cups, 
their integuments pierced, and the virus-infected fat bodies removed.
The fat bodies were diluted with sterile distilled water, cooled in an 
ice bath, and ground for 3 minutes in an Omni-Mixer (Ivan Sorvall, Inc.). 
The mixture was strained through four layers of number 80 cheese cloth 
and sonicated three times (3 minute blasts at 65 kc per second).
The sonicated mixture was centrifuged at 700g in a Sorvall 
Model RC-2 refrigerated centrifuge (Ivan Sorvall, Inc.) for 5 minutes 
at 4°. The supernatant was sonicated as before and then centrifuged 
for 5 minutes at 5000g to remove the PIBs. The pellet was washed 
several times with sterile distilled water, resuspended, and recentri­
fuged at 5000g. This process was repeated twice.
The final pellet was resuspended in a sterile distilled water 
and 0.005 Triton X-100 solution and sonicated once for 3 minutes. 
Streptomycin sulfate (Nutritional Biochemicals Corp.) and Vancomycin 
Hydrochloride (Eli Lilly and Co.) were added at rates of 0.5 g per 
liter of solution. PIBs were counted using an Improved Neubauer 
Hemacytometer (AO Instrument Co.).
B. Bioassays with PIBs
Bioassays were conducted with PIBs using diet surface contamina­
tion (40) and leaf sandwich (9) techniques. Diluted mixtures of PIBs 
previously prepared were layered over the diet surfaces in jelly cups 
(PIBs computed for mm^ diet surface). Control cups were similarly 
layered with distilled water. Thirty uniformly sized larvae (x wt.
26.6 mg) were placed singly into the cups at each of the six dilution 
levels. Thirty control cups were also infested with larvae.
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Fifty leaf sandwiches were prepared for each of six virus 
dilutions and for the control. Discs were cut from greenhouse reared 
Dare soybean plants with a number 8 cork borer and topically treated 
with 1  j l i I  of virus mixture. Discs were then sandwiched (the virus 
mixtures inside) with an untreated disc using a flour paste as an 
adhesive. Control sandwiches were prepared using only the flour paste 
adhesive. The sandwiches were placed in jelly cups with uniformly 
sized larvae (x wt. 24.9 mg) and a moist cellucotton wick.
After 48 hours the larvae were removed from the cups. Thirty 
larvae at each test level and controls which had completely consumed 
the leaf sandwiches were introduced into clean cups with media.
The larvae in both tests were kept at room temperatures and 
observed daily for mortality. The tests were terminated when all 
larvae had either died or pupated. Each test was replicated three 
times and the data used to construct dosage-mortality curves (eye-fitted) 
for each method of virus application. Abbott's formula (1) was used to 
adjust for natural mortality.
C. Insecticide-virus bioassays
Dosage mortality curves (eye-fitted) were established for two 
insecticides methomyl, (S-methyl N- ’(methylcarbamoyl) oxy 
thioacetimidate), and monocrotophos (dimethyl phosphate of 3-hydroxyl- 
N-methyl-cis crotonamide) by topically applying 1 |al of six concentra­
tions of each insecticide in acetone to three groups of 30 similarly 
sized larvae (x wt. 24.8 mg). An equal number of control larvae 
received topical applications of 1 Ml of acetone. Larvae were held at
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room temperatures and observed until all had either died or pupated. 
Dosage-mortality curves had been previously established for NPV.
Six groups of 30 larvae (x wt. 26.9 mg) reared on diet as 
previously described were used for the test. Two groups of 30 larvae 
each were topically treated with 1 Ml of an LCjq dose of methomyl 
(0.08 Ml) and another two groups were treated with 1 Ml of monocrotophos 
(0.45 Ml). Diet in three groups of 30 cups were surface contaminated 
with an LC35 dose of PIBs (2.34 PIBs/mm^ diet). Thirty larvae each 
treated with methomyl and 30 treated with monocrotophos were individually 
placed in the virus-treated cups. Thirty of each of the insecticide 
treated larvae were individually placed in cups with media treated with 
0.1 ml distilled water. Thirty larvae were also topically treated with 
1 Ml of acetone and individually placed in the remaining 30 virus 
treated cups. Thirty control larvae were topically treated with 1 Ml 
acetone and placed in cups which had received 0.1 ml distilled water. 
Larvae were held and observed as previously described for other tests.
The test was replicated three times and the data analyzed by 
Analysis of variance and Duncan's multiple range tests (49).
D. Compatibility of NPV with adjuvants
The method used to test the compatibility of adjuvants with P. 
includens NPV was similar to one described by Ignoffo and Montoya (43). 
The adjuvants were Triton X-100 (alkyl phenoxy polyethoxy ethanol; 100 
percent active ingredient), DuPont Spreader Sticker (sodium sulfates of 
mixed long chain alcohol fatty acids -I- diethyl glycol abietate; 88 
percent active ingredient), Colloidal X-77 (alkylarylpolyoxyethylene 
glycols, fatty acids, and ethanol; 90 percent active ingredient),
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Tween-20 (polyoxyehtylene 20 sorbitan monolaurate; 100 percent active 
ingredient), and Aerosol 22 (tetrasodium-N- 1,2 - dicarbolyethyl-N- 
octadecylsulfyd succinamate; 100 percent active ingredient).
Nine ml of 0.03 percent adjuvants respectively in sterile tap 
water and 1 ml of virus suspension containing 3.2 x 10® PIBs were added 
to test tubes. Controls were tubes of 9 ml water plus 1 ml virus 
mixture and tubes with water alone. The pH for each mixture was 
measured with a Corning Model 12 research pH meter (Corning Instruments
Co.). All were incubated at 25° for 48 hours.
Test mixtures of virus were diluted to LC70 dosages (11.7 
PIBs/mm^) and spread over diet in cups as previously described.
Controls were cups similarly layered with sterile tap water. After 
the diet surfaces had dried, single larvae (X wt. 27.1 mg) were placed 
in 50 cups for each test level and controls. Mortalities were recorded 
daily until all larvae had either died or pupated.
The test was replicated twice. Analysis of variance and Duncan's
multiple range test were used to analyze the data.
E. Compatibility of NPV with herbicides
NPV was mixed with the following herbicides:
Common name
chloramben
alachlor
paraquat
Percent active 
ingredient
23.4
43.0
29.1
Chemical formula
3-amino-2,5,dichlorobenzoic 
acid
2-chloro-2', 6'-diethyl-N- 
(methoxy methyl) acetanilide
1,1'-dimethyl-4, 4'- 
dipyridinium ion (dichloride 
salt)
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Percent active
Common name ingredient Chemical formula
nitralin 38.9 nitrilin 4-(methylsufonyl)-2,
6-dinitro-N, N-diproplaniline
trifluralin 44.5 trifluralin (a, a, a,-
trifluoro-2, 6-dinitro-N, N- 
dipropyl-p-toluidine
One ml of the herbicides respectively in 8 ml of sterile deionized
water and 1 ml of virus suspension containing 3.0 x 10® PIBs were added
to test tubes. Control tubes, pH measurements, and incubations were
the same as for the virus-adjuvant test.
Test mixtures of virus were diluted to LC50 dosages (4.4 PIBs per
mm^). The remainder of the test was conducted as the virus-adjuvant
test except that 30 cups per each test level and controls were used
and the test was replicated three times.
Persistence of NPV in Soil
A virus-water mixture containing 7.75 x 108 PIBs per ml was 
mixed with soil (Yahola very fine sandy loam) obtained from a field 
near Bunkie, Louisiana. A control was similarly prepared with water 
and virus only. Jiffy 7 ©  peat pots were allowed to soak in the 
suspensions for 10 minutes. The pots were then placed individually in 
plastic bags and buried underground for 6 months (March 10, 1971, to 
September 10, 1971).
After storage, each pot was removed from the bag and mixed with 
200 ml of sterile deionized water. Ihirty cups with diet was surface 
contaminated with 0.1 ml of the virus-water-soil mixture. Three groups 
of 30 control cups were similarly prepared from peat pots mixed with 
water and soil only. After the diet surface had dried, each cup was
26
infested with a 5 day old P. includens larva and incubated at room 
temperatures. The test was terminated when all larvae had either died 
or pupated.
Field Tests with NPV
Preparation of Inoculum
Inoculum for 1970 field tests was prepared in a manner similar 
to the technique outlined by Ignoffo (39). Twenty to 30 first-instar 
larvae were placed into 0.45 kg drink cups (American Can Co.) with diet 
containing formalin and incubated at room temperatures. When most of 
the larvae had reached the fourth-instar, the cups were sprayed with 
quantities of PIBs. As soon as the larvae died they were removed from 
the cups, mixed with 3-5 volumes of deionized water, and allowed to 
stand in the refrigerator (x 5°) for 6 weeks to 2 months.
The putrefied larvae were ground for 3 minutes in a Waring 
blender filtered through four layers of number 80 cheese cloth, and 
concentrated by twice passing the mixture through a Type T-l P Sharpel's 
refrigerated steam driven centrifuge (Pennsalt Chemical Corp.) at 
44,000 rpm. The sediment was resuspended in distilled water and 
centrifuged (GSA rotor) as previously described but without sonification. 
PIB counts were made as previously described and the virus mixtures 
stored at 4°.
Freeze-dried virus preparations were prepared with known 
quantities of virus mixed with lactose. The lactose-virus paste was 
freeze-dried in a Virtis Model 10-100 lyophilizer (Virtis Research 
Equipment Corp.) and stored at room temperatures in a desiccator.
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Virus inoculum for the 1971 field tests was prepared in the same 
manner as the liquid preparation for 1970 but without centrifugation. 
Putrefied larvae were ground in a blender, strained through cheese 
cloth, the PIBs counted, and stored at 4°. Larval equivalents (L.E.) 
of P. includens NPV were established for five replicates each of 200 
virus-infected late-instar larvae (x wt. 320.6 mg). PIBs extracted and 
counted as described for the 1971 virus inoculum equaled 3.2 x 10^ PIBs 
per larva.
1970 Field Tests
Test 1
A 17-acre soybean field at Arnaudville, Louisiana, was divided 
into three plots of 13, 2, and 2 acres. Liquid and freeze-dried virus 
preparations were applied at 6:00 P.M. with a Piper airplane. The 
insecticide tank of the airplane was thoroughly flushed with water 
before adding the virus mixture.
The 13 acre plot was sprayed with 40 larval equivalents of PIBs
in 2 gallons of water plus 0.05 percent Triton X-100 per acre. One of 
the 2 acre plots was dusted with 40 larval equivalents of freeze-dried 
virus preparation mixed with 10 pounds of talc per acre. The remaining
2 acre plot was located between the two test plots and served as a
control for the test.
The late hour of application was chosen to reduce the length of 
time the PIBs would be exposed to the effects of ultraviolet rays from 
the sun. No measurable rainfall occurred during the 48 hours following 
application.
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To evaluate the effect of the application, 100 larvae were 
collected from each plot immediately before and 7 days after application. 
The larvae were brought to the laboratory and processed as previously 
described.
Test 2
Two plots of 5 and 12 acres of soybeans, respectively, were 
sprayed with NPV at Church Point, Louisiana, on August 22, 1970. An 
area of 4-6 acres served as the control. Larval equivalents of 20 and 
40 were applied as described for Test 2 to each acre in the 5 and 12 
acre plots, respectively. Applications were made at 5:15 P.M. and no 
measurable precipitation fell on the test plots during the 48 hours 
following application.
Fifty larvae were collected from each plot immediately before 
and 6 days following the applications. The larvae were processed as 
previously described.
Test 3
Two test plots of 12 and 18 acres of soybeans were sprayed with 
NPV at Church Point, Louisiana, on August 26, 1970. A 4 acre control 
plot was located between them. Larval equivalents of 20 and 40 in 5 
gallons of water with 0.05 percent Colloidal X-77 surfactant were 
applied to each acre in the 12 and 18 acre plots, respectively. 
Applications were made using a Snow Commander airplane equipped with 
Micronaire ©  spray attachments. Applications were begun at 6:30 P.M.
No measurable rainfall occurred on the plots in the 48 hours following 
application.
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One hundred larvae were collected from the control plot immediately 
before application. Fifty larvae were collected from all plots 5 days 
after application. Larvae were processed as previously described.
1971 Field Test
Test 4
Test and control plots of 4 and 2 acres of soybeans respectively, 
were established near Baskin, Louisiana, on September 6, 1971. The 
test plot was sprayed at 9:00 P.M. with previously prepared NPV (1971) 
of 45 larval equivalents per acre as described in Test 1. There was no 
measurable rainfall on the test plots during the 6 days following 
application.
Two hundred larvae each were collected from the test and control 
plots before and 6 days following application. Larvae were processed 
as previously described.
RESULTS
Culture of £>. rileyi
Growth of £5. rileyi on BENDY agar was much better and more con­
sistent than growth on egg-yolk agar. A white-tan mycelium developed 
in 5-7 days and produced abundant light-green conidia (Fig. 11) in 
8-10 days after transfer and incubation at room temperatures.
Pathogenicity tests of !S. rileyi on P. includens larvae indi­
cated that S.. rileyi grown on BENDY agar did not lose its pathogenicity 
even after 11 sub-cultures over a 10 month period.
Culture of the Conidial Stage of Entomophthora sp. from P. includens
Growth of Entomophthora sp. on catfish and BENDY agar and broth 
was best at 26°. Dense aerial mycelial growth developed in 6-8 days 
(Figs. 12 & 13) and expelled large numbers of conidia (Fig. 14).
Morphologically the fungus closely resembled Entomophthora 
americana Thaxter described by Thaxter (73). Identification of the 
fungus as E. americana was made from the conidial stage on diseased 
larvae by MacLeod (D. M. MacLeod, personal communication).
Inoculation of Larvae with Conidia from Entomophthora sp.
Of the larvae inoculated only one was killed by the fungus. The 
larva died 6 days after inoculation.
Symptoms were the same as those on larvae naturally infected in 
the field. A vacuolate mycelium with hyphal bodies developed internally 
and conidiophores with conidia protruded from the insect's body. The
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fungus also had the conidial discharge characteristic typical of 
Entomophthora sp.
Culture and Germination Tests of Entomophthora sp. Resting Spores
All attempts failed to culture or germinate the resting spores 
obtained from infected insects collected in the field. No fungus 
growth resembling Entomophthora sp. was noted in any of the tests.
Inoculation of Larvae with Entomophthora sp. with Resting Spores
Laboratory, greenhouse and field tests in which looper larvae 
were inoculated with resting spores failed to induce infection. Some 
of the larvae in the greenhouse tests succumbed to what appeared to be 
an infection by Serratia sp. (A. D. Larson, personal communication).
Field Comparison of Fungus Pathogens
The most predominant pathogen to kill larvae at Meeker was 
S>. rileyi but it was not a significant disease agent at Bayou Rapides 
(Table 1). The number of dead larvae producing the conidial stage of 
Entomophthora sp. almost equaled the number of those with the resting 
spore stage at Meeker.
Table 1. Percent mortality of Pseudoplusia includens larvae infected 
with Spicaria rileyi and the conidial and resting spore 
stages of Entomophthora sp. in two soybean fields
Location Date
Total number 
of larvae
Percent mortality
Entomophthora sp.
Resting
S. rileyi Conidia spores
Meeker 9-10-71 500 67.0 14.8 18.2
Bayou
Rapides 9-15-71 500 0.8 69.0 30.2
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Larvae exhibiting the conidial stage were more numerous than those with 
the resting spore stage at Bayou Rapides.
Entomophthora sp. from Salt Marsh Caterpillars
All attempts to culture the fungus failed. Some mycelial growth 
similar to Entomophthora sp. was observed on BENDY agar, but it could 
not be separated from contaminants.
Laboratory Strain Test with Bacillus thuringiensis
The dosage-mortality curves in Figure 14 indicate that Thuricide 
HFC was 5.5 and 8.4 times more effective than either Thuricide HP or 
Biotrol XK W-25, respectively, in control of 5 day old P. includens 
larvae. The LC^q value for HPC was 25.5 X 10^ spores per gram of diet 
while those for HP and XK W-25 were 140.5 X 10^ and 215.0 X 10^ per 
gram of diet, respectively.
Larval mortalities increased at high application rates for HPC 
and HP while those for XK W-25 leveled off at 50-60 mg material per 
500g diet (Appendix Table 1).
Bioassays with PIBs
Dosage-mortality curves for leaf sandwich and diet surface 
contamination techniques are shown in Figures 15 and 16, respectively. 
The LC^q for the leaf sandwich technique was 545 PIBs per larvae while 
that for the surface contamination was 4.5 PIB per mm of diet.
Percent mortalities for larvae tested at each level for both leaf 
sandwich and diet surface contamination techniques are shown in 
Appendix Tables 2 and 3, respectively.
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Insecticide-Virus Bioassay
Larval mortalities for both insecticide-virus combinations were 
significantly greater than those of the virus, monocrotophos or 
methomyl alone (Table 2). However, neither combination produced the 
expected kill with the addition of both the LC values for the virus 
and the insecticides. Percent larval mortality for the monocrotophos 
plus virus and methomyl plus virus was 72.2 and 73.3 percent, respec­
tively, instead of the expected 85 percent.
Table 2. Percent mortality of Pseudoplusia includens larvae treated 
with monocrotophos and methomyl alone and in combination 
with diet surfaces treated with NPV
Treatment Dose
Total number 
of larvae
Percent
mortality
Control 90 0.0a
Virus LC35 (2.34 PIB/mm2) 90 42.2b
monocrotophos LC50 (0.45 Ml) 90 45.6b
methomyl LC50 (0.08 Ml) 90 53.3b
monocrotophos + virus LC50 + LC35 90 72.2c
methomyl + virus LC50 + LC35 90 73.3c
^eans with same letter do not differ significantly at 5 percent level
Compatibility of NPV with Adjuvants
Average larval mortality from virus-Tween-20 and virus-Triton 
X-100 mixtures were the same as that of the vlrus-water mixture while 
the others were higher (Table 3). Only the virus-Aerosol 22 mixture 
was significantly higher than the virus-water mixture.
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Table 3. Compatibility of Pseudoplusia includens NPV with adjuvants
Treatment pH
Total number 
of larvae
Percent
mortality3
Water 8.2 100 2a
Virus + Water 8.0 100 70b
Virus + Tween-20 7.3 100 70b
Virus + Triton X-100 7.5 100 70b
Virus + Colloidal X-77 7.5 100 74bc
Virus + Dupont
Spreader Sticker 7.4 100 75bc
Virus + Aerosol 22 7.6 100 76c
^eans with same letter do not differ significantly at 5 percent level
Compatibility of NPV with Herbicides
Average larval mortality from all virus-herbicide mixtures 
except virus-nitralin was greater than that of the virus-water mixture 
(Table 4). The average larval mortality of the virus-trifluralin 
mixture was significantly greater than that of the virus-nitralin 
mixture. However, none of the differences between the virus-herbicide 
mixtures, and the virus-water mixtures were statistically significant 
(P< 0.05).
Table 4. Compatibility of Pseudoplusia includens NPV with herbicides
Treatments pH
Total number 
of larvae
Percent
mortality3
Water 7.1 90 3.3a
Virus + nitralin 7.1 90 40.0b
Virus + water 6.8 90 43.3bc
Virus + paraquat 6.9 90 46.7bc
Virus + chloramben 6.8 90 50.0bc
Virus + alachlor 5.6 90 53.3bc
Virus + trifluralin 6.5 90 56.7c
^eans with same letter do not differ significantly at 5 percent level
Persistence of NPV in Soil
Activity of the virus was still high after the 6 month storage 
period. A total of 77 percent of the larvae tested were killed upon 
exposure to soil-virus mixtures after storage (Table 5).
Table 5. Percent mortality of Pseudoplusia includens larvae exposed 
to soil-virus mixtures stored 6 months underground
Total number Percent
Misture pH of larvae mortality
Soil-virus-water 6.4 90 77.0
Soil-water 6.5 90 0.3
1970 Field Tests with NPV 
Test 1
Larval mortalities of spray and freeze-dried dust applications 
of NPV were 76.0 and 68.0 percent, respectively (Table 6). Thus larval 
mortality did not differ a great deal from the two virus application 
techniques. Only 6.0 percent of the larvae collected after application 
from the control plot died from virus infection.
Table 6. Percentage of Pseudoplusia includens larvae infected with 
NPV, Spicaria rileyi. and Entomophthora sp. before (Pre) 
and 6 days after (Post) aerial application of virus in 
Test 1 at Arnaudville, Louisiana, in 1970
Pathogen3
Control Virus spray Virus dust
Pre Post Pre Post Pre Post
Virus 0.0 6.0 0.0 76.0 0.0 68.0
S. rileyi 2.0 2.0 1.0 0.0 4.0 4.0
Entomophthora sp. 0.0 1.0 0.0 2.0 0.0 0.0
a0ther causes of larval mortality were as follows: C. truncatellum
2.9%, A. scitulus 0.5%, and miscellaneous 7.2%.
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J>. rileyi and Entomophthora sp. were responsible for the death 
of only a small percentage of the larvae collected before and after the 
virus application.
Test 2
Only 36.0 and 40.0 percent of the larvae collected after the 
virus application were killed by virus in the plots receiving 20 and 
40 L.E., respectively (Table 7). Thus increase in larval equivalents 
of NPV did not result in a great increase in control by NPV.
Table 7. Percentage of Pseudoplusia includens larvae infected with NPV, 
Spicaria rileyi, and Entomophthora sp. before (Pre) and 6 days 
after (Post) aerial application of virus in Test 2 at Church 
Point, Louisiana, in 1970.
Virus
Control 20 L.D./acre 40 L.D./acre
Pathogen3 Pre Post Pre Post Pre Post
Virus 0.0 6.0 0.0 36.0 0.0 40.0
S. rileyi 8.0 6.0 8.0 0.0 10.0 12.0
Entomophthora sp. 2.0 44.0 6.0 20.0 12.0 18.0
^ther causes of larval mortality were as follows: A. scitulus 0.3%,
Apergillus sp. 0.7%, C. truncateHum 3.7%, and miscellaneous 10.3%.
Parasitism by j>. rileyi was highest in the 40 L.E. plot and 
lowest in the 20 L.E. plot. There was a high degree of infection by 
Entomophthora sp. in larvae collected after the virus application, 
especially in the control area.
Test 3
Mortality of larvae from NPV was the same in the 20 and 40 L.E. 
test plots (Table 8). Only 8.0 percent of the larvae in the control 
plot were infected with virus after the application of NPV. Aspergillus
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sp. was found growing on 2.4 percent of the larvae collected. 
Miscellaneous factors were responsible for the deaths of 11.6 percent 
of the larvae. S,. rileyi parasitism was highest in the control plot. 
Infection by Entomophthora sp. was also higher in the control plot 
than in the test plots. The control plot was located by a ditch which 
separated the two test plots, and Entomophthora sp. parasitism was 
highest in the rows along the ditch.
Table 8. Percentage of Pseudoplusia includens larvae infected with NPV, 
Spicaria rileyi, and Entomophthora sp. before (Pre) and 5 days 
after3 (Post) aerial application of virus in Test 3 at Church 
Point, Louisiana, in 1970.
Pathogen**
Control Virus
Pre Post 20 L.E./acre 40 L.E./acre
Virus 0.0 2.0 36.0 36.0
S. rileyi 12.0 8.0 0.0 2.0
Entomophthora sp. 19.0 52.0 28.0 18.0
aLarvae were collected in test areas after application only.
Other causes of larval mortality were as follows: A. scitulus 1.2%,
Aspergillus sp. 2.4%, C. truncatellum 4.8%, and miscellaneous 11.6%.
1971 Field Test 
Test 4
Larval mortality was 3.5 and 52.0 percent in the control and 
test plots, respectively, after virus application. Parasitism by S. 
rileyi was low in both areas. However, a slight increase in parasitism 
by Entomophthora sp. did occur during the 6 days between larval 
collecting (Table 9).
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Table 9. Percentage of Pseudoplusia includens larvae infected with NPV, 
Spicaria riley, and Entomophthora sp. before (Pre and 6 days 
after (Post) aerial application of virus in Test 4 at Baskin, 
Louisiana, in 1971.
Pathogen3
Control Virus
Pre Post Pre Post
Virus 0.0 3.5 0.0 52.0
S. rileyi 3.0 4.0 1.0 1.0
Entomophthora sp. 5.0 8.0 4.0 11.0
aOther causes of larval mortality were as follows: C. truncatellum
0.1% and miscellaneous 7.6%.
DISCUSSION
The BENDY agar medium developed for the culture of S3. rileyi in 
this study was much superior to the egg-yolk medium used by previous 
investigators (23, 27) and could be used to provide a large supply of 
conidia for field application studies. When the fungus was grown on 
BENDY medium, it did not appear to lose its pathogenicity through 
sub-culturing.
The Entomophthora sp. isolated from P. includens larvae appeared 
to be E. americana. However, no transparent resting spores like the 
ones described for E. americana by Thaxter (73) were found. Only the 
large, dark resting spores considered by Burleigh (10) to be Massospora 
sp. from P. includens were present. However, since the conidial stage 
of the fungus was produced on the surface of the larvae and not 
internally like that of Massospora, the fungus was probably not a 
species of that genus. Some internal conidia were found at the tips 
of hyphae but they were identical to the ones produced externally.
These conidia formed on the tips of hyphae which did not push through 
the cuticle of the larvae. Thaxter (73) described the large dark 
resting spores (probably azygospores) associated with Entomophthora 
muscivora Schroeter. These were like the ones found in this study.
He considered E. muscivora to be closely related to E. americana, 
differing only in the types of resting spores produced. He also 
considered Entomophthora calliphorae Giard to be a synonym of E. 
muscivora.
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Thus conidial and resting spore morphology indicate that the 
Entomophthora sp. is closely related to E. muscivora and E.. americana 
and may possibly be a new species. The "brown" and "dark" stages of 
soybean looper larvae described by Burleigh (10) probably refer to the 
conidial and resting spore stages, respectively of Entomophthora 
instead of Massospora. However, until the resting spore formation is 
further understood, no definite status can be given to the position of 
the Entomophthora sp. in nomenclature.
The fact that only one larva became infected in the numerous 
attempts to inoculate P. includens in this study is in agreement with 
other author's work (4, 5, 56, 69, 73). The fact that the one larva 
was killed by the fungus under laboratory conditions shows that 
occasionally infection can occur. However, for the fungus to cause 
infection on any large scale, the author is of the opinoin that specific 
conditions are needed before infection can occur.
Thaxter (73) indicated that the resting spores of members of the 
genus Entomophthora remained in an inactive state during adverse 
conditions and germinated when favorable conditions prevailed. However, 
none of the resting spores germinated in this study.
Field comparison of the fungus pathogens of soybean looper 
larvae indicated that different fields may have different predominant 
pathogens. rileyi was the predominant pathogen of larvae at Meeker 
while Entomophthora sp. was predominant at Bayou Rapides. Also, the 
resting spore stage of Entomophthora sp. was much more evident at 
Bayou Rapides than at Meeker. Temperature, humidity, moisture, and 
population density are probably all important factors in determining 
the actual predominant disease pathogen in a larval population.
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The three preparations of B. thuringiensis tested were a 
wettable powder (HP) and an emulsIftable concentrate (HPC) of 
Thuricide (B. thurlngiensis var. alesti) high potency strain and a 
wettable powder of Biotrol XK W-25 (B. thurlngiensis var. thurlngiensis). 
Both preparations of B. thuringiensis var. alesti were more effective 
than the preparation of B. thuringiensis var. thuringiensis. HPC was 
much superior to the wettable powder of the same variety (HP) and to 
XK W-25. However, no previous reports have shown that B. thuringiensis 
is more effective when applied as an emulsifiable concentrate. The 
liquid carrier could have had a preservative influence on the B. t. £ 
endotoxin during the shipping and storage of the material, but this 
has not been previously reported.
Many of the laboratory tests with NPV were hampered by bacterial 
contamination of the diet in the cups. Some authors (40, 42, 75) have 
reported that they have used viruses purified by differential 
centrifugation in bioassay tests. A combination of purification 
techniques was tried before the technique described for this study was 
used. Electron micrographs of the best virus preparations used for 
this study indicated a bacterial contamination of 20-30 percent.
Larson (A. D. Larson, personal communication) reported that his best 
preparations of an NPV from P. includens larvae often have a bacterial 
contamination exceeding 30 percent.
The contamination certainly affected the PIB counts for 
preparation of dilutions for the dosage-mortality curves. Therefore, 
only eye-fitted curves were used due to the error in PIB counts. This 
is in contrast to authors who have used computer plotted dosage-mortality 
curves in bioassays of similarly prepared NPV on larvae (14, 41, 57, 76).
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The bioassay of virus-insecticide combination on larvae 
indicated that no synergistic activity occurred between the virus and 
the insecticides. Both monocrotophos and methomyl are contact poisons. 
Possible synergistic activity may have occurred with a stomach poison- 
virus combination but this has not been previously reported. However, 
stomach poisons are not normally used for control of soybean loopers 
(L. D. Newsom, personal communication) and it was felt that they should 
not be included in the test.
All adjuvants tested were compatible with NPV. This agrees with 
the report of Ignoffo and Montoya (43) for the addition of adjuvants to 
H. zea NPV. Wolfenbarger (79) reported that NPV plus adjuvants increased 
control of T. ni_ on cabbage. Addition of adjuvants with soybean looper 
NPV may possibly increase its effectiveness in field applications on 
soybeans.
Results of the study and others (45, 46) indicate that NPV and a 
granulosis virus of Pieris brassicae (17) will remain active after 
storage in soil. This is considered essential if NPV is to overwinter 
in the soil and be effective as a natural control agent year after 
year. Also, the addition of virus to herbicides commonly used in the 
culture of soybeans did not reduce the effectiveness of NPV on larvae. 
However, the use of herbicides with viricidal activity to NPV could 
become a factor in the persistence of NPVs in soil.
All the field tests with virus were conducted during August or 
September. Burleigh (10) has indicated that these are the months when 
infection of soybean looper larvae by fungus pathogens is highest. 
Infection by Entomophthora sp. and S. rileyi made interpretation of the 
virus field test data difficult. Ideally tests should have been
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conducted when insect parasitism and fungus infection of the larvae 
were very low. Hiese conditions were available for only Test 1. The 
other tests had a relatively high incidence of fungus infection, 
especially Test 2 and Test 3.
Because kill with spray applications of NPV at Arnaudville in 
Test 1 was 76 percent, it shows that this material has promise of 
field control of soybean loopers. Hall (29) considered T. ni NPV as a 
control agent for cabbage loopers with a kill in the same range. It is 
realized that the amount of control with NPV is not as high as the 
control with certain insecticides. However, complexes of NPV with 
pathogenic fungi could conceivably give controls as high as the 
insecticide alone. Although the data presented here (Table 6) shows 
that when NPV was applied and Entomophthora sp. and £. rileyi were 
present as natural inoculum, the additive kill was nearly 80 percent.
If Entomophthora sp. and £5. rileyi had been applied as a combination 
inoculum with the virus, it is possible that this complex could give 
control levels as high as those achieved with insecticides.
The freeze-dried virus preparation used at Arnaudville in Test 1 
gave a level of control which approached that of the spray application. 
Also, the freeze-dried preparation did not appear to lose its viricidal 
activity over a 12 month period in perliminary tests. This agrees 
with the observations of Ignoffo (64) for freeze-dried NPV of H. zea.
Thus the use of freeze-dried virus would enable preparation and storage 
of large quantities of virus for later use on field populations of larvae.
Interpretation of the two field tests at Church Point (Tests 2 
and 3) were hampered by the presence of the fungus pathogens. No
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accurate evaluation could be made of the control by NPV. However, no 
increase in control was apparent in either test when L.E.s were raised 
from 20 to 40.
Control of soybean loopers in the Baskin test (Test 4) was less 
than that achieved in the Arnaudville test even though a higher number 
of larval equivalents of virus were used and the application was made 
at night. Also, the 1971 virus preparation was not centrifuged as was 
done in 1970. This would seemingly have raised the activity of the 
preparation due to the presence of free virons in the mixture (J. V. 
Thompson, personal communication).
Virus infection of larvae in control areas was probably due to 
drift during aerial application. However, larvae containing what 
appeared to be large inclusion bodies were noted during the study, 
ttiese were placed in the miscellaneous category. Larson (A. D. Larson, 
personal communication) has found an NPV from P. includens with inclusion 
bodies three to four times as large as those of the NPV used in this 
study. Thus some of the larvae placed in the miscellaneous category 
could have been infected with virus.
C_. truncatellum was the parasite found in largest numbers in 
this study while A. scitulus was second in importance. This agrees 
with the findings of Burleigh (10) for P. includens in Louisiana 
soybean fields.
SUMMARY
rileyi, Entomophthora sp., and P. includens NPV showed some 
promise as biocontrol agents of P. includens on soybeans.
jS. rileyi grew well and maintained its pathogenicity on the BENDY 
agar medium developed during this study.
A species of Entomophthora from P. includens was isolated and 
successfully cultured on catfish and BENDY agar and broth. The 
fungus resembles both E. amerieana and E. muscivora and may be a 
new species.
Only one of 490 soybean looper larvae inoculated with conidia from a 
culture of Entomophthora sp. became infected in laboratory tests.
Field comparisons of P. includens larvae infected with j>. rileyi 
and Entomophthora sp. during 1971 revealed that either fungus can 
be the predominant pathogen.
The emulsifiable concentrate of the Thuricide HPC preparation of
B. thuringiensis var. alesti gave much better control of soybean 
looper larvae in the laboratory than the wettable powder preparation 
of the same variety (Thuricide HP) and the wettable powder prepara­
tion of B. thuringiensis var. thuringiens is (Biotrol XK W-25).
Combination of NPV and methomyl and NPV and monocrotophos signifi­
cantly increased mortality of soybean looper larvae over virus or
insecticide used alone, but did not show any synergistic activity.
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NPV was compatible with adjuvants and with herbicides and 
maintained viricidal activity after being mixed with soil and 
stored underground for a 6 month period.
Autopsies of larvae that were sprayed with NPV applied at the rate 
of 40 larval equivalents per acre in a field test at Arnaudville, 
Louisiana, indicated that 76.0 percent of the larvae were killed 
by the virus. At three other locations the kill by NPV ranged 
from 36.0 to 52.0 percent.
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Figure 2. Diseased Pseudoplusia includens larvae (Xl.5). Top-Larva 
exhibiting the conidial stage of Entomophthora sp. Right 
Larva containing large resting spores similar to those 
reported for species of Entomophthora. Bottom- Larva 
infected with Spicaria rileyi.
Figure 3. Pseudoplusia includens larva infected with NFV (X2)
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Figure 4. Conidia of Entomophthora sp. from an infected Pseudoplusia
includens larva (X220)
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Figure 5. Mycelium of Entomophthora sp. from an infected Pseudoplusia 
includens larva (X430). Conidia are forming at the 
hyphal tips.
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Figure 6. Hyphal bodies of Entomophthora sp. from an infected
Pseudoplusia includens larva (X430)
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Figure 7. Resting spores of Entomophthora sp. from an infected
Pseudoplusia includens larva (X100)
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Figure 8. Mycelium of Entomophthora sp. from an infected Estigmene
acrea larva (X430)
Figure 9. Conidia of Entomophthora sp. from an infected Estigmene 
acrea larva (X430)
Figure 10. Electron micrograph of negatively stained polyhedral 
inclusion bodies of Pseudoplusia includens nuclear- 
polyhedrosis virus (X28,000)
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Figure 11. Twelve day old sporulating culture of Spicaria rileyi 
growing on BENDY agar (X2)
Figure 12. Entomophthora sp. from Pseudoplusia includens larva 
growing on catfish (X2)
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Figure 13. Culture of Entomophthora sp. from Pseudoplusia includens 
larva growing on the surface of BENDY broth (X2)
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Figure 14. Dosage-mortality curves of Pseudoplusia includens larvae 
exposed to diet mixed with commercial preparations of 
Basillus thuringiensis
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Figure 15. Dosage-mortality curve of Pseudoplusia includens larvae 
fed leaf sandwiches containing NPV
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Figure 16. Dosage-mortality curve of Pseudoplusia includens larvae 
exposed to diet surface contaminated with NPV.
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Appendix Table 1. Percent mortality of larvae of Pseudoplusia includens
exposed to diet mixed with commercial preparations of 
Bacillus thuringiensis
mg material 
Material per 
tested 100g diet
No. spores 
xlO^ per 
gram diet
No.
tested
No.
dead
Percent
mortality
Thuricide HP 5 48.0 90 6 6.67
10 96.0 90 27 30.00
20 192.0 90 51 56.67
30 288.0 90 75 83.33
40 384.0 90 81 90.00
50 480.0 90 86 95.56
Thuricide HPC 5 7.5 90 9 10.00
10 15.0 90 21 23.33
20 30.0 90 42 46.67
30 45.0 90 66 73.33
40 60.00 90 78 86.67
50 75.0 90 82 91.11
Biotrol XK W-25 10 62.5 90 9 10.00
20 125.0 90 27 30.00
30 187.5 90 39 43.33
40 250.0 90 45 50.00
50 312.5 90 57 63.33
60 375.0 90 69 76.67
70 437.5 90 69 76.67
Control 0 90 0 0
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Appendix Table 2. Percent mortality of larvae of Pseudoplusia includens
fed leaf sandwiches treated with polyhedral inclusion 
bodies (PIBs) of nuclear-polyhedrosis virus (NPV).
Viral dose Total number Total Percent
(PIB/Ml)  of larvae_________ dead  mortality
0 90 3 3.33
88 90 11 12.22
175 90 18 20.00
350 90 27 30.00
700 90 41 45.56
1750 90 70 77.78
3500 90 83 92.22
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Appendix Table 3. Percent mortality of larvae of Pseudoplusia includens
exposed to diet surfaces treated with nuclear- 
polyhedrosis virus calculated as average number of 
polyhedral inclusion bodies per square millimeter of 
diet surface (PIBmm2).
Viral dose Total number Total Percent
(PIB/mm^) of larvae____________dead____________ mortality
0 90 3 3.3
0.6 90 12 13.3
1.3 90 27 30.0
2.6 90 36 40.0
4.3 90 42 46.7
6.8 90 51 56.7
12.8 90 66 73.3
27.1 90 83 92.2
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